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I. INTRODUCTION 
In the following pages, a brief summary of research progress on the 
current AFOSR grant 84vt0020B is given. The specific areas of accomplished 
research are: (i) Reduced-order nonlinear models for space-trusses and 
frames; (ii) Singularntsolution approaches for control of continuum models 
of LSS; (iii) algorithms for feedback control of nonlinear dynamic 
response; (iv) phenomenological constitutive models for rate-=dependent 
hysteritic damping in space-structure joints. 
A significant achievement has been the design of a balsa-wood bridge 
by undergraduate students at Georgia Tech, based on the methodology for 
simplified nonlinear analysis of space-frames as developed under the 
present AFOSR grant. This design has won the first-prize in a recent ASCE 
national competition. 
A summary of each item of accomplished research is provided, followed 
by a list of archival publications documenting the technical details of the 
accomplished research. 
II. SUMMARY OF ACCOMPLISH RESEARCH 
(i) Reduced Order Nonlinear Models for Space-Trusses and Space-Frames: 
•Present methodology results in discrete models that have about 30 
times fewer degress of freedom than from using standard assumed  
displacement finite element methods. 
-Exact (closed-form) expression for the tangent stiffness matrix of a 
finitely-deformed space-truss and of each of its members 
-Each truss-member , carries axial force, and undergoes large 
deformation (rotation). 
-Effect of local-buckling of each truss-member is accounted for. 
Significant alteration of the global behavior of truss is noted when 
active-control is used to prevent local-buckling. 
-Exact (closed-form) expression for the tangent stiffness matrix of a 
finitely-deformed space frame and each of its members. 
•Each frame-member resists axial force, bending and torsion; and 
undergoes large stretch and rotation. 
-Effect of Material Nonlinearity, through the formatin of 
plastic-hinges is accounted for, exactly. 
-Effects of active control to prevent local buckling are studied in 
detail. 
(ii) Singular-Solution Approach for Control of Continuum Models of LSS: 
-Equivalent Plate and Shell-type continuum models of LSS are 
considered. 
11. 
•Reducedi-order discrete models for large deformation (and rotations) 
of plate and shell type continuua are studied. 
•Fundamental solutions in infinite space for the highest order linear 
differential operator of the nonlinear problem are derived. 
•Unsymmetric Variational Statements and Petro-Galerkin Methods are 
used to derive integral.lrepresentations for nonlinear plate and shell 
behavior. 
•New methodology 	"fieldrboundaryelement method", is used to derive 
tangent stiffness matrices for plates and shells. 
•Present methodology leads to discrete models having about 30 times 
fewer degrees of freedom than standard finite element methods. 
•Present method yields 1 % accuracy of 3 times more eigenvalues of 
vibration for the same number of degreeseofr:freedom than standard 
finite element method. 
•Present reduced-order models are found to be very efficient in 
nonlinear transient dynamic analysis as compared to standard finite 
element methods. 
(iii) Algorithms for Feed-back Control of Nonlinear Dynamic Response: 
-Simple algorithms for active feedback control of nonlinear transient 
dynamic response of LSS are successfully developed. 
-Reduced-order models are used to develop semirdiscrete ordinary 
differential equations for the problem of control of nonlinear 
dynamic motion. 
-Optional control laws are developed for the nominally linear system. 
-New and efficient algorithms are developed for solving the Riccati 
equation for the feed=oack gain matrix. 
-The same feed-back gain matrix is used for designing controllers, 
with feed-back based on the sensed nonlinear state. 
-Present algorithms for controlling nonlinear motion are found to be 
asymptotically stable. 
-Present methodology was successfully applied to study of active  
control, through using piezooceramic liners, of nonlinear dynamic  
response of structures. 
-Present algorithms are successfully verified in the control of 
nonlinear dynamic motion of plate and shells. 
(iv) Phenomenological Constitutive Models for Rate-Dependent Hysteritic  
Damping in SpaceeSturctuve Joints:  
• -Models for F(*, *), where F is the force, and *and *are joint 
relative displacement and velocity repectively, are developed. 
-Phenomenological constitutive model for joint hysterisis is analogous  
to ratensensitive viscoplastic behavior of solids.  
-Unlike continuum viscoplastic relations, present models for 
hysterisis have no loading/unloading criteria. One function F(), 4) 
applies throughout, with only a sign of --being considered. 
-Possibility of Chaotic motion due to presence of nonlinear hysterisis 
being studied. 
-Extension of one-dimensional joint-friction model for F(*, *-), is 
being extended to 3-dimensional, multi-degree -of-freedom LSS joints. 
-Efficient algorithms for solving Semi-discrete equations in the 
presence of hysteritic passive-control forces are being developed. 
(v) First-Prize Award in ASCE Bridge-Design Contest, Using Mehtodology  
Developed for LSS Nonlinear Analysis: 
-The details of Georgia Tech's winning design, based on the 
Methodology for LSS Nonlinear Analysis developed under AFOSR support, 
are published in the September 1986 issue of CIVIL ENGINEERING 
(magazine of ASCE). This article is enclosed herewith. 
-ASCE contest specified a Balsaiwood bridge (3rdimensional) design, 
with a maximum load=carrying capacity versus self weight ratio. 
-Program developed for LSS nonlinear analysis, with exact tangent 
stiffness for spacenframes and space-'trusses was used in the bridge 
design. 
•The LSS nonlinear analysis program was interfaced with an IBM-CAD 
system, to carry out interactive analysis/design. Present Reduced  
Order Model Strategy resulted in dramatic efficiency. 
•Nonlinear behavior of bridges was analyzed in the post -buckling 
range, interactively. Design optimization was then achieved 
iteratively. 
•Continuous-tension-arch concept was successfully employed. 
-Large deformations and rotations are treated very simply. 
-The winning design of Balsa-wood bridge from Georgia Tech carried 
886 pounds at global buckling, with a self:-weight of 81.7 grams. The 
second place design from elsewhere carried 388 pounds with a 
self-weight of 76.7 grams. 
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